Introduction {#s1}
============

Although many breakthroughs have been achieved in the management of metastatic renal cell carcinoma (RCC), the majority of studies to date have been limited to patients with a clear cell variant. RCC, the seventh most common malignancy for men and the ninth for women the world over, represents 2-3% of all malignances in adults \[[@R01]\]. Due to the infrequency of non-clear cell RCC, there is currently a paucity of high-quality literature to help guide the effective treatment of these tumors. Cytoreductive nephrectomy (CNT) represents the recommended standard of care in metastatic RCC and it is one of the available validated tools to combat metastatic non-clear cell RCC at present \[[@R02]\]. Notwithstanding the advancement in surgical techniques, immunotherapy and targeted treatment in managing these cases, the long-term survival still remains unsatisfactory largely because of high in bed recurrence, distant metastasis and poor response to chemoradiotherapy \[[@R03], [@R04]\]. Although postoperative histopathology information is presently the most accepted factor for patient stratification, these parameters may not be entirely dependable for guiding adjuvant treatment in metastatic non-clear cell RCC. Additionally, since most prognosis predictors are assessed postoperatively, preoperative biomarkers are needed to early predict oncologic outcomes. The identification of preoperative biomarkers may have clinical utility to guide therapeutic decisions and follow-up treatment. More and more evidence supports that inflammation exerts a crucial role in the pathogenesis and progression of various malignances, including non-clear cell RCC \[[@R05]-[@R07]\].

Circulating biomarkers, signifying inflammation, are believed to be potential prognostic factors for RCC patients. Proinflammatory cytokines and immune-inflammatory circulating cells (neutrophils, lymphocytes and platelets) seem to play a role in promoting cancer cell proliferation and invasion \[[@R08]\]. Platelet to lymphocyte ratio (PLR) and lymphocyte to monocyte ratio (LMR), two inflammatory markers which come from the blood cells, have gained prognostic value in a number of malignant diseases, including RCC \[[@R9]\]. A number of researches have examined their role as prognosis predictors, nevertheless, the coherence and importance of the prognostic value of PLR and LMR are still needed to be explored. A new inflammatory index, the systemic immune inflammation (SII) index, based on neutrophil, lymphocyte and platelet counts, has been recently found to be associated with poor outcome in patients with hepatocellular carcinoma (HCC) \[[@R10]\]. The rationale of this new index is based on the combination of three factors independently related to prognosis in some cancers and was thought to have a stronger prognostic power than any of the factors analyzed alone. In recent times, preoperative C-reactive protein/albumin ratio (CAR) has been reported as an independent prognostic marker in HCC, gastric cancer (GC) and small-cell lung cancer (SCLC) \[[@R11]\]. Although a recent study reported the prognostic influence of CAR on overall survival (OS) of patients with clear cell renal carcinoma \[[@R12]\], its prognostic role in metastatic non-clear cell RCC still needs to be further explored.

In this present retrospective study, we aim to achieve a better contemporary patient selection protocol based on preoperative circulating biomarkers such as PLR, LMR, SII index and CAR in patients of metastatic non-clear cell RCC to achieve greater progression-free survival (PFS) and OS benefit after CNT and to develop a prognostic model based on these inflammatory biomarkers for the same.

Patients and Methods {#s2}
====================

We performed a retrospective cohort study of 31 consecutive metastatic non-clear cell RCC patients who underwent CNT between January 2012 and December 2017 at the Department of Urology and Renal Transplantation after obtaining institutional ethical committee clearance. The inclusion criteria were as follows: 1) Patients were histologically diagnosed with non-clear cell RCC with radiological investigation showing at least one site of metastasis to either lung bone or brain; 2) Data on complete blood laboratory measurements relaying information on PLR, LMR, SII index and CAR done within 1 week before performing CNT. Patients without adequate blood reports prior to surgical resection and patients with active inflammatory disease were excluded from the study. The baseline clinical, pathologic and biochemical parameters were collected, including age at the time of surgery, gender, tumor size, tumor stage (T stage), tumor necrosis (TN), microscopic invasion (MI, HPE), number of positive lymph nodes (LNs) on HPE, scan to surgery time (SST), neutrophil count, lymphocyte count, monocyte count, platelet count, CRP and albumin level by using a standard data extraction system. T stage was determined based on the 2010 TNM classification of malignant tumors staging system and tumor grade was defined according to the Fuhrman grading system. The PLR, LMR, SII index (platelet count × neutrophil count/lymphocyte count) and CAR were calculated.

A 3 monthly ultrasonography (USG) for whole abdomen with Doppler study, high-resolution computed tomography (HRCT) for thorax and when required multidetector computed tomography (MDCT) and intravenous urography (IVU) in cases of positive USG findings were performed tailored to patient performance and clinical features in the first 2 years. Due to high aggressiveness of disease and heavy metastatic burden, a low-dose contrast-enhanced computed tomography (CECT) protocol was requested to assess the in bed recurrence or increase in metastatic site. Data were summarized by frequency for categorical variables and by median and range for continuous variables. Association between categorical variables was assessed using the Chi-square or Fisher's exact test, when appropriate. Differences were considered statistically significant when P \< 0.05. PFS was calculated from the start of first-line treatment until disease progression or last follow-up. OS was calculated from the start of first-line treatment until death or last follow-up. The Kaplan-Meier survival curve was used to estimate PFS and OS. The log rank test and cox proportional hazard regression were used to test for differences between groups. A multivariate analysis was carried out by cox regression model. Estimated hazard ratios (HRs), their 95% confidence intervals (95% CIs) and P values were calculated from the Cox proportional hazard regression model. The optimal cut-off points for the inflammation-based factors were determined by receive operating characteristic (ROC) analysis and the areas under the curve (AUCs) were calculated. Statistical analyses were performed using IBM SPSS 21.0 software.

Results {#s3}
=======

There were a total of 31 cases of metastatic non-clear cell RCC included in the retrospective analysis with the special emphasis on PFS and OS. All cases belonged to multi-ethnic society residing in the eight North Eastern states of India. The male to female ratio in the study was 2.1 to 1 with 21 males and 10 females with mean age for men being 58.12 ± 4.25 years and mean age for women being 53.17 ± 3.5 years. The male population was mostly dispensable towards progression as compared with the female population though not significant (P = 0.373, [Table 1](#T1){ref-type="table"}). The disease load was more on the left side (n = 18, 58.1%) as compared to the right side (n = 13, 41.9%) with almost similar progression rate (61.1% vs. 61.5%, P = 0.981). The median follow-up time was 66 ± 5.8 weeks with an inability to follow-up for a consecutive of 6 weeks leading to expulsion from analysis. Eleven patients (35.48%) were lost in the study due to extensive disease profile and related cardiac events. Nineteen patients (61.29%) had an event related to progression (increase in metastatic lesions in 13 cases and resection site recurrence in six cases) diagnosed on a follow-up USG W/A and confirmed on a CECT W/A + Pelvis. From a histology point of view, papillary and unclassified variant, each contributed 29% in the study along with chromophobe and collecting duct RCC constituting 19.4% and 22.6%, respectively. Maximum number of progressions was recorded in the papillary and the unclassified variants with 100% strike rate and none recorded in the collecting duct histology. This observation was significantly associated (P = 0.001) with the PFS but not significantly correlated with the same (P = 0.810) ([Table 1](#T1){ref-type="table"}). The metastatic load consisted of oligometastatic (\< 3 sites) non-clear cell RCC in 20 cases and polymetastatic (≥ 3 sites) non-clear cell RCC in 11 cases. The most common site of metastasis was lung followed by liver and bone. The distribution of bone metastasis was mainly concentrated on dorsolumbar spine than appendicular skeleton. After CNT, there was an emergence of additional metastasis in 13 cases which were mainly in liver (n = 7) and dorsolumbar spine (n = 6). A higher T stage (T3, T4) was observed in 20 cases (64.5%) with 68.4% progression rate (n = 13, P = 0.567) for higher T stage ([Table 1](#T1){ref-type="table"}). The odds ratio (OR) for an event (progression) occurring for higher T stage was 0.839 (95% CI: 0.448 - 1.573). Similarly when evaluating the Fuhrman nuclear grade (FG), it was perceived that a higher grade (FG3, FG4) was significantly associated and correlated with number of progressions ([Table 1](#T1){ref-type="table"}). The OR for the same was 1.185 (95% CI: 0.676 - 2.077).

###### Epidemiological and Clinicopathological Data in the Progression and Non-Progression Group

  Characteristics      Progression, N (%)   Non-progression, N (%)   Chi-square coefficient   P value   Pearson's R coefficient   P value
  -------------------- -------------------- ------------------------ ------------------------ --------- ------------------------- ---------
  Median age (years)   62 ± 3.14            54 ± 4.52                N/A                                                          
  Histology                                                          27.488                   0.0001    0.045                     0.810
    PAP                9 (47.4)             0                                                                                     
    CHR                1 (5.3)              5 (41.7)                                                                              
    COLL               0                    7 (58.3)                                                                              
    UNC                9 (47.4)             0                                                                                     
  Sex                                                                0.793                    0.373     0.160                     0.390
    Male               14 (73.7)            7 (58.3)                                                                              
    Female             5 (26.3)             5 (41.7)                                                                              
  Site                                                               0.001                    0.981     0.004                     0.180
    Rt                 8 (42.1)             5 (41.7)                                                                              
    Lt                 11 (57.9)            7 (58.3)                                                                              
  Tumor stage                                                        0.327                    0.567     0.103                     0.582
    T1, T2             6 (31.6)             5 (41.7)                                                                              
    T3, T4             13 (68.4)            7 (58.3)                                                                              
  FG                                                                 8.76                     0.042     3.071                     0.007
    FG1, FG2           10 (52.6)            5 (41.7)                                                                              
    FG3, FG4           9 (47.4)             7 (58.3)                                                                              
  TN                                                                 7.20                     0.046     0.026                     0.891
    Yes                10 (52.6)            6 (50)                                                                                
    No                 9 (47.4)             6 (50)                                                                                
  \(p\) LN status                                                    6.595                    0.044     0.639                     0.032
    Yes                9 (47.4)             4 (33.3)                                                                              
    No                 10 (52.6)            8 (66.7)                                                                              
  MI                                                                 3.951                    0.047     0.357                     0.049
    Yes                13 (68.4)            5 (41.7)                                                                              
    No                 6 (31.6)             7 (58.3)                                                                              
  PLR                                                                6.304                    0.020     0.451                     0.011
    \> 171             18 (94.7)            1 (8.3)                                                                               
    ≤ 171              1 (5.3)              11 (91.7)                                                                             
  LMR                                                                6.450                    0.011     0.456                     0.010
    \< 2.61            15 (78.9)            4 (33.3)                                                                              
    ≥ 2.61             4 (21.1)             8 (66.7)                                                                              
  SII index                                                          17.098                   0.0001    0.743                     0.0001
    \> 883             16 (84.2)            1 (8.3)                                                                               
    ≤ 883              3 (15.8)             11 (91.7)                                                                             
  CAR                                                                4.213                    0.043     0.522                     0.037
    \> 0.11            11 (57.9)            3 (25)                                                                                
    ≤ 0.11             8 (42.1)             9 (75)                                                                                
  SST (median)                                                       19.774                   0.0001    16.734                    0.0001
    \> 3.9             17 (89.5)            0                                                                                     
    ≤ 3.9              2 (10.5)             12 (100)                                                                              
  MSKCC groups                                                       13.65                    0.012     11.5                      0.034
    Intermediate       7 (36.8)             8 (72.7)                                                                              
    Poor               12 (63.2)            4 (33.3)                                                                              

The percentage value depicted denotes the value within the respective progression or non-progression groups. FG: Fuhrman nuclear grade; TN: tumor necrosis; LN: lymph node; MI: microscopic invasion; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio; SST: scan to surgery time; MSKCC: Memorial Sloan Kettering Cancer Center.

Radiological characterization of all renal masses was also done with optimal metabolic evaluation. TN was present in 51.6% cases and was significantly associated with the progression rate (P = 0.046). Ten cases (62.5%) progressed at an interval of 12 weeks within the TN group (n = 16, [Table 1](#T1){ref-type="table"}) with OR being 0.900 (95% CI: 0.212 - 3.822). Tumor size with greatest dimension ≥ 7 cm (median size: 8.25 ± 2.12 cm) was also assessed in the study with 15 cases having crossed the cut-off limit and was significantly associated (P = 0.001) and correlated (0.03) with the progression rate. Total number of positive LNs were also looked upon for each case and in out of the total 31 cases, 41.9% cases (n = 13) had positive LNs in final biopsy report. A total of nine out of 13 cases (69.2%) with positive LNs progressed in the final analysis (P = 0.044) with OR being 0.802 (95% CI: 0.463 - 1.390). MI was present in a total of 58.1% (n = 18) cases with significant association (P = 0.047) and correlation (0.049) with the progression rate and OR standing at 0.308 (95% CI: 0.079 - 1.194) ([Table 1](#T1){ref-type="table"}).

All blood parameters were done at 1 week prior to CNT and the results of PLR, LMR, SII index and CAR were matched with progression events both as a continuous and categorical variable. Based on the AUC of 0.925 (P = 0.001) for PLR in the ROC analysis, the optimal cut-off was 171 ([Fig. 1a](#F1){ref-type="fig"}). An elevated PLR ratio (\> 171) was seen in 61.3% cases (n = 19) with 94.7% (n = 18) cases experiencing a significant event (progression) in the same (P = 0.01). Similarly, the cut-off for LMR was 2.61 based on the AUC of 0.140 (P = 0.001) for the same in ROC analysis ([Fig. 1b](#F1){ref-type="fig"}). A baseline LMR of \< 2.61 was seen in 19 cases (61.3%) with 15 cases (78.9%) suffering from an event in the progression group (P = 0.011). The cut-off value of SII index stood at 883 established upon AUC of 0.982 (P = 0.001) for PFS in the ROC analysis ([Fig. 1c](#F1){ref-type="fig"}) with the value of CAR being 0.11, constructed upon an AUC of 0.750 (P = 0.021) for the same ([Fig. 1d](#F1){ref-type="fig"}). An elevated CAR (\> 0.11) was seen in 45.2% cases (n = 14) with 78.6% (n = 11) cases experiencing a significant event (progression) in the same (P = 0.001). A standout value of SII index (\> 883.29) was seen in 17 cases (54.8%) with significant association (P = 0.01) and correlation (0.001) with the progression events (94.1%, n = 16) ([Table 1](#T1){ref-type="table"}). The median SST of \> 3.9 weeks was significantly correlated and associated with progression rate (n = 17, 89.5%, [Table 1](#T1){ref-type="table"}). When the study population was distributed in terms of Memorial Sloan Kettering Cancer Center (MSKCC) risk protocol, none of the cases ferried in favorable risk group, while 15 cases landed in intermediate risk group and 16 cases were allotted to poor risk category. A total of seven cases progressed in the intermediate risk profile, while 12 cases progressed in the poor risk category ([Table 1](#T1){ref-type="table"}).

![The predictive ability of ROC curve to determine the cut-off point for (a) PLR, (b) LMR, (c) SII index and (d) CAR in relation to disease progression. ROC: receive operating characteristic; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio.](wjon-10-101-g001){#F1}

[Table 2](#T2){ref-type="table"} shows the results of the multivariate analysis of PFS and OS with the biochemical and clinicopathological parameters assessed in the study. It is clear from the previous analysis that the PLR, LMR, SII index and CAR are associated with the PFS of metastatic non-clear cell RCC patients ([Table 1](#T1){ref-type="table"}). After excluding the non-significant variables, the significant variables (p) LN status, FG, TN, MI, PLR, LMR, SII index and CAR along with SST were tested in the multivariate Cox proportional hazard model to find the determinants of PFS and OS. The multivariate analysis indicated that the TN (HR: 15.65; 95% CI: 9.671 - 25.349; P = 0.005) along with (p) LN status (HR: 14.67; 95% CI: 4.811 - 24.781; P = 0.012) and SST (HR: 0.41; 95% CI: 0.006 - 0.311; P = 0.002) were an independent prognostic factor for PFS but not OS ([Table 2](#T2){ref-type="table"}).

###### Multivariate Analysis for Variable Considered for PFS and OS

  Characteristics   PFS              OS                                        
  ----------------- ---------------- ------- ------- ---------------- -------- -------
  Age (years)       0.569 - 1.073    0.781   0.127   0.247 - 1.316    0.570    0.188
  T stage           0.023 - 5.831    1.150   0.944   0.029 - 24.822   9.158    0.558
  FG                0.847 - 28.416   15.51   0.065   0.157 - 22.150   15.922   0.151
  TN                9.671 - 25.349   15.65   0.005   0.033 - 5.789    4.366    0.303
  \(p\) LN status   4.811 - 24.781   14.67   0.012   0.414 - 14.183   6.317    0.251
  MI                0.435 - 8.612    6.120   0.179   0.060 - 8.554    6.175    0.891
  PLR               1.102 - 1.460    1.269   0.001   0.865 - 1.933    1.293    0.045
  LMR               0.253 - 8.368    1.456   0.001   0.713 - 16.101   8.667    0.001
  SII index         1.005 - 1.040    1.023   0.010   0.992 - 1.043    1.017    0.183
  CAR               0.564 - 6.578    4.445   0.001   0.076 - 1.763    1.002    0.554
  SST               0.006 - 0.311    0.041   0.002   0.342 - 15.560   11.024   0.259

PFS: progression-free survival; OS: overall survival; FG: Fuhrman nuclear grade; TN: tumor necrosis; LN: lymph node; MI: microscopic invasion; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio; SST: scan to surgery time; CI: confidence interval; HR: hazard ratio.

Impact of PLR in OS and PFS {#s3a}
---------------------------

The multivariate analysis indicated that a high PLR (\> 171) was related to a decreased PFS (HR: 1.269, 95% CI: 1.102 - 1.460, P = 0.001) and OS (HR: 1.293, 95% CI: 0.865 - 1.933, P = 0.045) ([Table 2](#T2){ref-type="table"}). In the poor risk MSKCC cohort with PLR \> 171, the estimated mean PFS stood at 6.4 ± 2.4 months (P = 0.012), while the estimated mean OS was 11.5 ± 3.8 months (P = 0.06). Similarly, intermediate risk category with PLR \> 171 had an estimated mean PFS of 8.3 ± 2.6 months (P = 0.042), while the estimated mean OS stood at 13.7 ± 4.3 months (P = 0.036). In a recent study, it was seen that patients with a high PLR experienced a shorter RFS (HR: 2.64, 95% CI: 1.35 - 5.14, P = 0.004) \[[@R13]\]. Our findings also showed that cases having increased PLR were prone to experience a higher FG (P = 0.035), TN (P = 0.041), a larger primary tumor size (0.03) and a higher pathological T stage (P = 0.005). The estimated mean OS for cases with PLR ≤ 171 was significant at 18.8 months with standard error (SE) being 2.47 and 95% CI of 17.6 - 20.1 (P = 0.001) and the mean PFS for the same was significant at 16.2 months (95% CI: 14.6 - 17.7, SE: 2.93, P = 0.001).

Impact of LMR in OS and PFS {#s3b}
---------------------------

Similarly, we found that a low LMR (\< 2.61) was associated with inferior OS (HR: 8.667, 95% CI: 0.713 - 16.101, P = 0.001) and it obtained significance on multivariate analysis. Furthermore, the association between a decreased LMR and PFS (HR: 1.456, 95% CI: 0.253 - 8.368, P = 0.001) was also significant and resulted in a decreased PFS ([Table 2](#T2){ref-type="table"}). In the poor risk MSKCC cohort with LMR \< 2.61, the estimated mean PFS stood at 8.4 ± 3.1 months (P = 0.01), while the estimated mean OS was 12.7 ± 3.1 months (P = 0.03). Similarly, intermediate risk category with LMR \< 2.61 had an estimated mean PFS of 9.5 ± 1.8 months (P = 0.005), while the estimated mean OS stood at 11.7 ± 3.3 months (P = 0.021). Our findings also depicted that cases having decreased LMR were prone to experience a higher MI (P = 0.03), (p) LN status (P = 0.021) and a higher pathological T stage (P = 0.01). The estimated mean OS for cases with LMR ≥ 2.61 was 18.3 months with SE being 2.98 and 95% CI of 16.9 - 19.8 (P = 0.035) and the mean PFS was 14.1 months (95% CI: 11.8 - 16.4, SE: 4.61, P = 0.016) for the same.

Impact of SII index and CAR in OS and PFS {#s3c}
-----------------------------------------

In multivariate analysis, SII index more than the baseline (\> 883) remained significant predictors of PFS (HR: 1.023, 95% CI: 1.005 - 1.040, P \< 0.010) but not OS (HR: 1.017, 95% CI: 0.992 -1.043, P = 0.183) ([Table 2](#T2){ref-type="table"}). The estimated mean OS for cases with SII index ≤ 883 was 17 months with SE being 5.25 and 95% CI of 14.4 - 19.5 (P = 0.064) but was not found to be significant and the mean PFS for the same was significant at 14.2 months (95% CI: 11.5 - 17, SE: 5.64, P = 0.001). In the poor risk MSKCC cohort with SII index \> 883, the estimated mean PFS was 7.9 ± 2.7 months (P = 0.001), while the estimated mean OS was 13.5 ± 3.4 months (P = 0.012). Similarly, intermediate risk category with SII index \> 883 had an estimated mean PFS of 8.5 ± 2.8 months (P = 0.014), while the estimated mean OS stood at 14.4 ± 2.8 months (P = 0.036). Similarly, a high CAR was acted as a significant predictor of PFS (HR: 4.445, 95% CI: 0.564 - 6.578, P = 0.002) but not OS (HR: 1.002, 95% CI: 0.076 -1.763, P = 0.554) ([Table 2](#T2){ref-type="table"}). The estimated mean OS for cases with CAR ≤ 0.11 was not significant at 16.9 months with SE being 3.74 and 95% CI of 15.1 - 18.8 (P = 0.229) and the mean PFS for the same was significant at 12.9 months (95% CI: 10.8 - 15.1, SE: 4.50, P = 0.029). In the poor risk MSKCC cohort with CAR \> 0.11, the estimated mean PFS was 6.8 ± 2.2 months (P = 0.031), while the estimated mean OS was 11.8 ± 2.8 months (P = 0.046). Similarly, intermediate risk category with CAR \> 0.11 had an estimated mean PFS of 7.6 ± 2.4 months (P = 0.004), while the estimated mean OS stood at 12.7 ± 3.1 months (P = 0.026).

Discussion {#s4}
==========

Currently, the recognition of prognostic biomarkers focuses on a serum marker which represents the tumor's biological behavior but might not be a true indicator for the authentic burden of RCC. The linkage between inflammation and malignancy has been widely researched in the last two decades. Immune cells play a predominant role in the inflammatory process leading to the production of cytokines and chemokines that promote tumor growth, angiogenesis and metastasis \[[@R14]\]. Thereupon, the complex balance between inflammatory cells and substances produced by inflammation may influence the type of cells detectable in the peripheral circulation. The addition of the peripheral blood biomarkers as an essential array to existing prognosis model is helpful in channelizing clinical treatment strategy \[[@R08], [@R15], [@R16]\]. Since inflammation deeply affects cancer microenvironment that supports tumor progression, many studies evaluated the role of prognostic scores based on peripheral inflammation cells in several tumors, in particular RCC. Though the role of inflammatory blood parameters has found a way into the various cancer research studies off late, the coherence and importance of prognostic variables such as PLR, LMR, SII index and CAR still needs to be explored in the field of non-clear cell RCC which currently lacks any validated prognostic model. In the present analysis, we found that pretreatment PLR, LMR, SII index and CAR can be applied as determinants of PFS and OS for metastatic non-clear cell RCC. A high PLR, SII index along with CAR and a low LMR were correlated with poor PFS. To the contrary, a poor OS was correlated only with a high PLR and a low LMR but not with a high SII index and CAR. Moreover, a subgroup analysis by histology, T stage, FG, tumor size, TN, MI and (p) LN status was done to study the impact of PLR, LMR, SII index and CAR on the progression versus the non-progression groups. As testing for these cheap yet promising hematological biomarkers is easily accomplished in all clinical centers, these can act as a convenient yet game changing code for predicting the PFS and OS in cases of metastatic non-clear cell RCC.

The potential mechanisms of altered PLR and LMR affecting the prognostication of these uncommon metastatic RCC patients remain speculative at this juncture. Elevated platelet count is a common entity in patients with advanced malignancy, and is related to inferior oncologic upshot \[[@R17]\]. Platelets act as an important driver in tumor cell growth, angiogenesis and metastasis. Platelets usually protect the malignant cell from being detected by the autoimmune system by facilitating its adhesion to the vascular endothelium, or binding the malignant cells through its ligands \[[@R18]\]. A recent study \[[@R19]\] cultivated human platelets and ovarian tumor cells together, and proposed that synergy between platelet and malignant cells enhanced metastasis formation. They further proposed that a blockage of key platelet receptor sites crippled metastatic potential. Lymphocyte represents the cellular basis of immune surveillance and its penetration into the tumor microenvironment acts as a stealth mechanism for timely immune response against metastasis and tumor propagation \[[@R20], [@R21]\]. Lymphopenia acts as an intrinsic component of elevated PLR. A decreased lymphocyte count results in attenuation of immunologic antitumor response to a rampant tumor march. Nonetheless, monocytes bathing tumor clusters have a role in tumor development and progression \[[@R05]\]. Monocytes are closely associated with the creation of tumor-associated macrophages (TAMs). There is enough proof in literature to support the notion that the TAMs enhance tumor progression. Positioned on these facts, it is logical to believe that an elevated PLR and/or a decreased LMR lead to inferior survival.

The estimated PFS for the entire study cohort was 10.8 months (P \< 0.001) while the estimated OS for the same was 15.5 months (P = 0.06). The actuarial PFS was only 5.6% at 14 months for patients with PLR above the cut-off mark of 171 with an estimated mean PFS of 7.7 months (P = 0.0001) which amply showcased the utility of the PLR in prognostication. Only about one-third patients (39.6%) survived without any progression at 9 months yet again confirming the severity of the PLR above the cut-off mark ([Table 2](#T2){ref-type="table"}, [Fig. 2a](#F2){ref-type="fig"}). Similarly, the actuarial OS stood at 39.6% at 14 months (for PLR \> 171) with a significant estimated mean OS of 12.6 months (P = 0.001) which further stressed on the importance of the PLR for the same ([Table 3](#T3){ref-type="table"}, [Fig. 3a](#F3){ref-type="fig"}). Furthermore, the actuarial PFS was somewhat better (17.5% at 14 months for patients with LMR \< 2.61 with an estimated mean PFS of 8.9 months (P = 0.016)) which aptly embodied the adequacy of the LMR in prognostication. Only about one-third patients (35.1%) survived without any progression at 9 months yet again confirming the severity of the LMR below the cut-off mark ([Table 4](#T4){ref-type="table"}, [Fig. 2b](#F2){ref-type="fig"}). In addition, the actuarial OS stood at 45.5% at 14 months (for LMR \< 2.61) with a significant estimated mean OS of 13.5 months (P = 0.035) which further underlined on the importance of the LMR for the same ([Table 3](#T3){ref-type="table"}, [Fig. 3b](#F3){ref-type="fig"}).

![Kaplan-Meier plots illustrating PFS according to the (a) PLR, (b) LMR, (c) SII index and (d) CAR, respectively. PFS: progression-free survival; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio.](wjon-10-101-g002){#F2}

###### Estimated and Actuarial Survival Data for OS Based on Kaplan-Meier Survival Plots

  Variables   Actuarial survival (%)   Estimated mean OS (95% CI) (months)   SE     Log rank (Mantel Cox) coefficient   P value           
  ----------- ------------------------ ------------------------------------- ------ ----------------------------------- --------- ------- -------
  PLR         66                       49.5                                  39.6   12.6 (10.2 - 14.9)                  2.47      10.83   0.001
  LMR         68.2                     53                                    45.5   13.5 (10.9 - 15.9)                  5.13      4.44    0.035
  SII index   77.9                     60.6                                  50.5   13.9 (11.5 - 16.2)                  4.78      3.43    0.064
  CAR         57.1                     52.3                                  47.6   13.5 (10.3 - 16.6)                  6.51      1.45    0.229

OS: overall survival; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio; CI: confidence interval; SE: standard error.

![Kaplan-Meier plots illustrating OS according to the (a) PLR, (b) LMR, (c) SII index and (d) CAR, respectively. OS: overall survival; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio.](wjon-10-101-g003){#F3}

###### Estimated and Actuarial Survival Data for PFS Based on Kaplan-Meier Survival Plots

  Variables   Actuarial survival (%)   Estimated mean PFS (95% CI) (months)   SE     Log rank (Mantel Cox) coefficient   P value           
  ----------- ------------------------ -------------------------------------- ------ ----------------------------------- --------- ------- --------
  PLR         39.3                     16.8                                   5.6    7.8 (6.1 - 9.4)                     2.93      22.10   0.0001
  LMR         35.1                     29.2                                   17.5   9 (6.8 - 11.3)                      4.57      5.79    0.016
  SII index   35.3                     23.5                                   5.9    8.5 (6.8 - 10.3)                    3.63      10.73   0.001
  CAR         39.3                     23.4                                   15.6   8.2 (5.8 - 10.6)                    4.91      4.74    0.029

PFS: progression-free survival; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio; SII: systemic immune inflammation; CAR: C-reactive protein/albumin ratio; CI: confidence interval; SE: standard error.

From previous umpteen numbers of studies, it has been validated that neutrophils can promote tumor seeding and adhesion through the secretion of circulating growth factors \[[@R22]\]. Neutrophil to lymphocyte ratio has stood the test of time and is probably the most prolific prognostic index associated with prognosis in malignancy of lung, pancreatic, breast, colorectal, gastric and kidney \[[@R16], [@R23]\]. Decreased lymphocyte count in preoperative blood investigation was associated with poor prognosis in patients with RCC \[[@R24]\]. As discussed before, a high platelet score was also associated with poor prognosis in RCC. SII index incorporated these three parameters and has been already significantly associated with prognosis in hepatocellular and colorectal malignancy. The actuarial PFS was again a dismal 5.9% at 14 months for patients with SII index \> 883 with an estimated mean PFS of 8.5 months (P = 0.001) which again abundantly signified the utility of the SII index in prognostication. Only about one-third patients (35.3%) survived without any progression at 9 months yet again confirming the severity of the SII index above the cut-off mark ([Table 4](#T4){ref-type="table"}, [Fig. 2c](#F2){ref-type="fig"}). Similarly, the actuarial OS stood at 50.5% at 14 months (for SII index \> 883) with a non-significant estimated mean OS of 13.9 months (P = 0.064) for the same ([Table 3](#T3){ref-type="table"}, [Fig. 3c](#F3){ref-type="fig"}). Therefore, the integrated use of SII index and related parameters might lead to a significant advancement in therapeutic monitoring of patients with metastatic non-clear cell RCC, even if prospective studies are needed to further validate this observation.

Although the baseline CRP level is affected by environmental and genetic factors, it is produced mainly by hepatocytes and is regulated by proinflammatory cytokines (IL-6) \[[@R25]\]. The potential mechanisms for the association of CRP with malignancy have been proposed as tissue inflammation caused by the tumor growth or as an immune response to tumor antigens. A recent study showed that activity of the IL-6/CRP network in RCC patients endows to the acute-phase reaction in local inflammatory response \[[@R26]\]. Other clinical analysis also showed that increased CRP level stands glove in hand with poorer OS of RCC patients and CRP has a significant impact on OS of metastatic RCC patients \[[@R27]\].

Hypoalbuminemia is an easy, reproducible biomarker which is closely correlated with other parameters of nutritional status. Furthermore, serum albumin as a biomarker of protein-energy malnutrition can provide vital information that supplements BMI and changes in body weight, which may at times not accurately reflect the nutritional status due to normal limits \[[@R28]\]. Protein deficiency can lead to significant impairment in organ function and immunosuppression. In addition, hypoalbuminemia before surgery was associated with higher mortality in patients with underwent surgery for RCC \[[@R29]\]. In recent times, CAR has been used to predict the prognosis of several cancers and this is the first report in this part of the world showing that CAR can predict the PFS of metastatic non-clear cell RCC undergoing CNT.

The actuarial PFS was 15.6% at 14 months for patients with CAR \> 0.11 with an estimated mean PFS of 8.2 months (P = 0.029) which again abundantly verified the utility of the CAR in prognostication. A slightly more number of patients than previous one-third cases in aforementioned variables (39.3%) survived without any progression at 9 months yet again confirming the vitality of the CAR above the cut-off mark ([Table 4](#T4){ref-type="table"}, [Fig. 2d](#F2){ref-type="fig"}). Similarly, the actuarial OS stood at 47.6% at 14 months (for CAR \> 0.11) with a non-significant estimated mean OS of 13.5 months (P = 0.229) for the same ([Table 3](#T3){ref-type="table"}, [Fig. 3d](#F3){ref-type="fig"}).

The entire cohort PFS and OS (at 14 months) for the MSKCC intermediate risk group were 8.2 months (P = 0.07) and 12.5 months (P = 0.12), respectively. Similarly, the PFS and OS (at 14 months) for the poor risk group were 7.7 months (P = 0.04) and 13.8 months (P = 0.03), respectively. Our findings have some clinical implications. Firstly, compared with the postoperative HPE report, preoperative circulating biomarkers are more effective and suitable prognostic indicators in patients with metastatic non-clear cell RCC. Secondly, according to the preoperative biomarker level, patients with high risk can be selected for extensive LN dissection and further adjuvant treatment in form of some clinical trial. Thirdly, our result can be used to stratify patients who are more likely to respond to biomarker-based enrichment strategy in future clinical trials.

Our study also has several limitations. Firstly, it is a retrospective and single-center study, which may limit the prognostic value for the biomarkers in question. Therefore, a large-scale prospective validation study is needed. Secondly, several factors which could affect inflammation such as life style and smoking status were not assessed in the study. Last but most important, PFS was recorded based on radio-examination which may be longer than the actual PFS as some patients admitted to hospital only when they had obvious symptoms. In summary, this study demonstrated that preoperative PLR, LMR, SII index and CAR are an independent predictor of PFS and OS (PLR and LMR only) for patients with metastatic non-clear cell RCC and can be used to predict the outcome patients undergoing CNT.

Conclusions {#s4a}
-----------

The use of validated prognostic indices is essential in clinical practice to better make correct decisions on the use of high end and extensive surgeries (CNT) and to potentially reduce the impact of comorbidities especially in more frail patients. In metastatic non-clear cell RCC, there is currently no acceptable protocol for guiding decision for CNT and adjuvant treatment. In this analysis, we want to purpose preoperative biomarkers such as PLR, LMR, SII index, CAR and SST as a new tool to define PFS and OS stratification in metastatic non-clear cell RCC patients. These innovative yet cheap biomarkers can predict response to treatment and clinical outcome of these patients, giving a potential simple tool to monitor the effect of treatment on the clinical outcome of these patients. In addition, this inflammatory prognostic model is of special interest in metastatic non-clear cell RCC, which is a work in progress and new immune-oncologic agents, like checkpoint inhibitors and some tyrosine kinase inhibitors (TKIs) are in active development as agents for these cases. In conclusion, to our limited knowledge, this is the first study of its magnitude and kind in this part of the world to demonstrate that these biomarkers could represent an independent prognostic factor for patients with metastatic non-clear cell RCC undergoing CNT. Validation in a larger prospective dataset is desirable.
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